Background We studied the relationship between survival prognosis and the functional outcome at discharge from acute-care hospitals in each subtype of ischemic stroke patients. Methods A total of 853 consecutive patients with first-ever ischemic stroke, recruited from December 1999 to November 2002, were followed for 725.8 ± 430.0 days. Functional outcome was scored using the modified Rankin scale (mRS). Survival analysis was performed using Kaplan-Meier curves, log rank test, and Cox regression model. Results The respective mortality of the groups with mRS scores of 0-2, 3, 4, and 5 were 13.1%, 25.0%, 47.2% (p<0.05), and 74.0% (p<0.05) in cardioembolic infarction (CEI) patients; 11.3%, 6.9%, 5.6%, and 46.7% (p<0.05) in atherothrombotic infarction (ATI) patients; 8.5%, 5.6%, 11.1%, and 0% (no patient) in lacunar infarction (LACI) patients; and 2.6%, 3.0%, 23.3% (p<0.05), and 28.9% (p<0.05) in infarction of unknown cause (IUC) patients. Multi-variate analysis showed that the mRS score was a significant predictive factor for death in CEI patients, and tended to be a predictive factor for death in ATI patients, or IUC patients. Conclusion Functional outcome at discharge from acute-care hospitals may predict the survival prognosis of each subtype of ischemic stroke.
Introduction
In ischemic stroke patients, it has been reported that functional outcome and/or the neurological findings at an early stage after onset at a fixed time point of 30 days, 3 months, or 6 months have an impact on survival prognosis (1) (2) (3) (4) (5) (6) (7) (8) . Ischemic stroke is classified into the following subtypes: cardioembolic infarction (CEI), atherothrombotic infarction (ATI), lacunar infarction (LACI), infarction of unknown cause (IUC), or others. We have demonstrated that patients with CEI or ATI tend to have poor functional ability at discharge from acute-care hospital and a worse survival prognosis, on the other hand, patients with LACI tend to have good ability at discharge from acute-care hospital and a better survival prognosis (9) . Although long-term survival in each stroke subtype has been assessed, it has been unclear whether or not the functional outcome at an early stage from onset has an impacts on the long-term survival prognosis in each stroke subtype.
We tried to clarify the relationship between functional outcome at discharge from acute-care hospital and survival prognosis in each subtype of first-ever ischemic stroke patients in this report.
Subjects and Methods
Patients were registered in the Tottori University Lacunar Infarction Prognosis Study (TULIPS) (9, 10) , which started in 1999 as a collaboration between three central hospitals and one university hospital in the San-In district of Western Japan. In this study, not only lacunar infarction but also other clinical categories of brain infarction were registered. A total of 853 consecutive Japanese patients with first-ever acute ischemic strokes, recruited from December 1999 to November 2002, were followed. Acute ischemic stroke was defined as a cerebral infarction within 7 days from onset. The mean period from stroke onset to admission was 0.98 ± 1.52 days. Transient ischemic attacks were excluded from the registry. The registration data were gathered and statistically analyzed in the Department of Neurology at Tottori University Faculty of Medicine.
Details at the registration included gender, age, and determination of risk factors, such as hypertension, diabetes mellitus, dyslipidemia, smoking, and heavy alcohol consumption. Hypertension was defined as a systolic blood pressure of over 160 mmHg at the time of hospitalization, or over 140/90 mmHg at blood pressure measurements. Patients who were taking hypotensors were determined to have hypertension. Diabetes mellitus was defined as fasting blood glucose of over 126 mg/dL, occasional blood glucose more than twice of over 200 mg/dL, or over 6.5% of HbA1c. Patients who were taking diabetic drugs or were under insulin treatment, were determined to have diabetes mellitus. Dyslipidemia was defined as fasting serum total cholesterol over 220 mg/dL, fasting serum triglyceride over 150 mg/dL, serum high-density lipoprotein cholesterol less 40 mg/dL, or serum low-density lipoprotein cholesterol over 140 mg/dL. Patients who were taking hyperlipidemic drugs were determined to have dyslipidemia. The patients who were currently smoking or smoked until 1 year prior to the index stroke infarction were determined to have a history of smoking. Heavy alcohol consumption was defined as intake of at least 360 mL daily alcohol before onset.
Functional outcome was classified into four subgroups by mRS scores (11) of 0-2, 3, 4, or 5. Each patient's mRS score was assessed at the time of discharge from the acute care hospital. The pre-stroke functional ability of patients was not assessed.
Stroke subtypes were classified into the CEI, ATI, LACI, or IUC groups (or others). We used the original modification of the NINDS Stroke Data Bank Criteria (12) , based on previous reports (9, 10) . Briefly, CEI was classified as an infarction with cardiogenic sources (13) , based on the cardiac examinations. The patients with atrial fibrillation were all included in CEI. ATI was classified as an infarction lacking a cardio-embolic source and with significant (!50%) stenosis or occlusion of the major arteries that supply the ischemic region, as observed via intra-or extracranial vascular examinations. LACI was classified as an infarction lacking a cardio-embolic source and without significant (!50%) stenosis or occlusion of the major arteries that supply the ischemic region; these lesions were <15 mm in diameter in the subcortical or brainstem regions, as determined by imaging. LACI also included patients whose lesions were not revealed by imaging but who showed the classical lacunar syndrome as a clinical manifestation. Other brain infarctions of known etiology (Others), consisting of infarctions caused by cerebral artery dissection or vascular inflammation, were excluded from the final analysis. Infarctions of uncertain cause (IUC) included those that could not be classified into one of the above categories and did not include patients with a hemorrhagic stroke. Size of infarct was investigated using computed tomography (CT) or magnetic resonance imaging (MRI) including diffusion-weighted imaging (DWI), T2-weighted imaging or fluid-attenuated inversion recovery imaging (FLAIR). The mean interval from onset to CT or MRI study was less than 7 days.
Follow-up research was conducted prospectively and was discontinued when a patient died, or when a patient could no longer be located. The duration of the follow-up period was 725.8 ± 430.0 days (median 1,095 days), which we regarded as 3 years. At each research facility, follow-up information was obtained via a medical chart survey, phone survey, and mail-in survey to the hospital. Recurrence and the stroke subtype (if any) and the cause of death (if any) were noted.
Statistical analyses were performed by means of KaplanMeier curves, log rank test, and Cox regression model. Cox regression model was performed by each stroke subtype. The mean period in hospitalization and standard deviation was different among the stroke subtypes, and we analyzed the prognosis by each subtype according to which period in hospitalization was similar. Uni-variate analysis was performed, and the variables of p<0.20 were extracted and included in multi-variate analysis. Values of p<0.05 were considered statistically significant. All statistical analyses were performed using SPSS 15.0J for Windows software (SPSS Tokyo, Japan).
This study was conducted with the approval of Tottori University and the ethics committees at each participating institution.
Results
Among the 853 registered patients, 98 patients were excluded from analysis of stroke subtypes, due to insufficient data. The 755 patients were divided into five subtypes (CEI, ATI, LACI, IUC, or others), and 3 patients who classified as others were excluded from the analysis. Among the 752 patients, the mRS at discharge was not evaluated in 60 patients and they were excluded from analysis. Finally, the remaining 692 patients (81.1%) were analyzed in this study. Baseline characteristics during hospitalization are shown in Ta- Mortality in all patients is shown in Fig. 1 . The patients with mRS 6 (death) were excluded from the analysis of prognosis. In all patients, the 3-year mortality was 8.8% when the mRS score was 0-2, 10.3% when it was 3, 25.6% when it was 4 (p<0.05), and 56.7% when it was 5 (p<0.05). Mortality in each stroke subtype was shown in Fig. 2 . The respective mortality rates of the groups with mRS scores of 0-2, 3, 4, and 5 were 13.1%, 25.0%, 47.2% (p<0.05), and 74.0% (p<0.05) in CEI-patients; 11.3%, 6.9%, 5.6%, and 46.7% (p<0.05) in ATI-patients; 8.5%, 5.6%, 11.1%, and 0% (no patient) in LACI-patients; and 2.6%, 3.0%, 23.3% (p<0.05), and 28.9% (p<0.05) in IUC-patients.
Predictive factors for the death are shown in Table 2 . In the CEI group, predictive factors for death were advanced age or stroke severity. The CEI patients with mRS 4 or 5 had significantly poorer survival when compared with the patients with mRS 2. In the ATI group, predictive factor for death was advanced age. The ATI patients with mRS 5 tended to have poor survival when compared with the patients with mRS 2 (p<0.09). In the LACI group, predictive factors for death were not presented. Stroke severity was not related to survival prognosis. In the IUC group, advanced age or stroke severity tended to be predictive factors for the death. The IUC patients with mRS 4 or 5 tended to have poor survival when compared with the patients with mRS 2. Cause of the death is shown in Table 3 . Major causes of the death were cardiovascular event and infection, and they tended to occur in CEI patients or ATI patients. Recurrence as a cause of death was seen in CEI patients only. Cancer or cardiovascular event did occur in patients with mRS 0-2, 3, 4 or 5.
Discussion
In this study, we analyzed the relationship between 3-year survival prognosis and functional outcome of the initial brain infarction at the discharge from the acute-care hospitals in each stroke subtype. Functional outcome at the time of discharge from acute-care hospital may impact survival prognosis.
Although, it has been reported that clinical categories of brain infarction are predictive factors for long-term prognosis (1, 4-10), it is unknown whether or not stroke severity is related to survival prognosis in each stroke subtype. The present results demonstrated that disabled CEI patients or ATI patients had a poor prognosis. CEI patients or ATI patients have atrial fibrillation or stenosis of major arteries as a component classifying CEI or ATI which have been known as a predictive factor of cardiovascular event. In addition, the CEI patients or ATI patients who are severely disabled and thus bed-ridden have increased risk of complications due to infection, deep vein thrombosis, or decubitus, etc. On the other hand, the survival prognosis of LACI patients has been more favorable compared with CEI patients or ATI patients because the primary lesion has been small, the rate of recovery normally rapid (which decreases the risk of death due to secondary complications), and cardiac comorbidities have been less common than in other stroke subtypes (14) . Murat Sumer and Erturk (15) reported that the rates of independent patients were different between subtypes and neurological status during one-year follow-up which strongly favors patients with lacunar infarct. This study suggested that functional outcome at an early stage after onset would have an impact on the survival prognosis in all stroke subtypes.
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performance of routine daily activities was quick during the first 3 months from onset; however, improvements were slower after that. Therefore, it is important to start rehabilitation as early as possible, and early mobilization is one of the key components of acute stroke care that corresponds to a good outcome (22) . A concerted effort to improve patients' ADL, including walking ability at discharge from acute care hospitals, must be made.
In this study, predictive factors of 3-year mortality following ischemic stroke were advanced age as well as the functional outcome at discharge from hospital. Advanced age is generally recognized as a predictive factor for poor survival or mobility (1, 2, (4) (5) (6) 8) . Aged patients more frequently suffer from complications, and do not have sufficient status to improve their functional outcome.
In the Japanese population, cancer is the first leading cause of death and ischemic heart disease is the second cause of death (23) . Although we did not assess the impact of cancer or ischemic heart disease on the prognosis of ischemic stroke, our results showed that death due to cancer or cardiovascular event occurred regardless of functional outcome, and cardiovascular event may be related to the stroke subtype.
We acknowledge that this study has several limitations. The total number of patients that were excluded from the final analysis is rather high (18.9%). We limited the subjects to first-ever stroke patients, and our results may not apply to the recurrent patients. Patients at each facility were not managed using standardized treatment protocols, and the effects of those protocols on mortality remain unknown. We did not assess the pre-stroke functional ability of patients, and this might have an impact on the results. The days of hospitalization and standard deviation were different for each stroke subtype. During the survey from 1999 to 2002 when the subjects were registered, the transfer to the convalescence rehabilitation ward was thought to be a small fraction of the total patients. The stroke patients who were discharged from acute-care hospital had gone home or they had been transferred to a nursing home type unit or an institution. In recent years in Japan, liaison critical pathway has been used, and disabled patients have been able to select to transfer to a convalescence rehabilitation ward, and there would be patients whose functional abilities improved after hospital discharge (lower mRS scale). Difference of era for stroke care and/or social situation after discharge from acute-care hospital might influence the survival prognosis and reliability of analysis for mortality of all patients. The present subjects were all Japanese patients, and the results may not be applicable to a non-Japanese population.
Conclusion
Functional outcome at discharge from hospital may be a predictive factor for survival in each subtype of ischemic stroke.
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